(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Offlc europeen des brevets 



(12) 



(n) EP 0 819 407 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

21.01.1998 Bulletin 1998/04 

(21) Application number: 97305323.4 

(22) Date of filing: 16.07.1997 



(51) mtci.«: A61B 6/10, H05G 1/26 



(84) Designated Contracting States: 


• Taklura, Yasuro 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


Hino-Shl, Tokyo 191 (JP) 


NL PT SE 






(74) Representative: Goode, Ian Roy et al 


(30) Priority: 19.07.1996 JP 190438/96 


London Patent Operation 




General Electric International, Inc., 


(71) Applicant: GE YOKOGAWA MEDICAL SYSTEMS, 


Essex House, 


LTD. 


12-13 Essex Street 


Hino-shi, Tokyo 191 (JP) 


London WC2R 3AA (GB) 


(72) inventors: 




• Gono, Makoto 




Hino-Shl, Tokyo 191 (JP) 





(54) Fluoroscopy method and x-ray ct apparatus 

(57) To make it possible to decrease an X-ray expo- 
sure on an operator and to obtain an image of high qual- 
ity upon fluoroscopy operation. When an X-ray tube is 
rotated to acquire data, an X-ray radiation dose is set to 
"0" in a predetermined angular range (^ , to ty>) including 
an angle at which the alignment of the X-ray tube -- the 
operator's hand(h)--the subject (K) is brought about, 
and the X-ray radiation dose is set to an ordinary one at 
an angle in a range other than that angular range. The 



X-ray radiation dose becomes decreased when the op- 
erator's hand is directly exposed to the X-ray radiation, 
and when the X-ray radiation dose becomes increased 
the operator's hand can be protected from direct expo- 
sure to the X-ray owing to the shade of the subject. Thus, 
an X-ray exposure of an operator can be decreased. 
Moreover, since the X-ray radiation dose can be in- 
creased upon collecting data, it is possible to collect da- 
ta with a good S/N ratio and obtain an image of high 
quality. 
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Description 

The present invention relates to a fluoroscopy 
method and an X-ray CT (Computed Tomography) ap- 
paratus, and more particularly, to a fluoroscopy method s 
and an X-ray CT apparatus in which it becomes possible 
to protect an operator from intensive exposure to the X- 
ray radiation while obtaining an image of high quality 
when the fluoroscopy is carried out. 

When a fluoroscopy is performed with an X-ray CT 
apparatus, as shown in Fig. 1, during when an X-ray 
tube 1b and an X-ray detector 2a are rotated to acquire 
data for producing an image, an operator stabs a biopsy 
needle N into a subject K. A hatched region in Fig. 2 
represents a space through which the X-ray passes dur- 
ing one rotation of the X-ray tube 1b and the X-ray de- 
tector 2a. As will be understood from Fig. 2, there is a 
problem that the operator is exposed to the X-ray be- 
cause the operator's hand lies in the space through 
which the X-ray passes. In order to decrease an X-ray 
radiation dose to which the operator exposed, it is de- 
sirable to set the X-ray radiation dose low. However, this 
will cause another problem that data cannot be acquired 
with a good S/N ratio and the image quality is deterio- 
rated. 

It is therefore a general object of the present inven- 
tion to provide a fluoroscopy method and an X-ray CT 
apparatus in which the above-mentioned drawbacks or 
shortcomings are eliminated. 

It is a more specific object of the present invention 
to provide a fluoroscopy method and an X-ray CT appa- 
ratus in which it becomes possible to protect an operator 
from intensive exposure to the X-ray radiation while ob- 
taining an image with high quality when the fluoroscopy 
is carried out. 

According to one aspect of the present invention, 
there is provided a fluoroscopy method in which while 
an X-ray tube is rotated around the subject to acquire 
data by an X-ray detector and a data acquisition system 
thereby to produce an image, a biopsy needle is stabbed 
into a subject, wherein an X-ray radiation dose when an 
alignment of the X-ray tube ~ the operator's hand - the 
subject is brought about is set to "0" or lower than an X- 
ray radiation dose when an alignment of the X-ray tube 
the subject the operator's hand is brought about. 

When the X-ray tube - the operator's hand - the 
subject are arrayed in this order the operator's hand is 
directly exposed to the X-ray radiation. However, the X- 
ray radiation dose in this case is set to "0" or low and 
hence the X-ray exposure of the operator is small. On 
the other hand, when the X-ray tube - the subject ~ the 
operator's hand are arrayed in this order the X-ray radi- 
ation dose is increased. However, the operator's hand 
is not directly exposed to the X-ray because the hand 
lies behind the subject, and the X-ray exposure of the 
operator is also small. Therefore, the operator is less 
exposed to the X-ray radiation. 

When the X-ray tube lies in an angular range in 



which the alignment of the X-ray tube - the subject 
the operator's hand is brought about, the X-ray radiation 
dose becomes increased. Therefore, it is possible to ac- 
quire data with a good S/N ratio and obtain an image of 
high quality. 

According to a second aspect the present invention, 
there is provided an X-ray CT apparatus in which an X- 
ray tube is rotated around a subject to acquire data by 
an X-ray detector and a data acquisition system and a 
reconstruction operation is effected on the data to pro- 
duce an image, comprising X-ray radiation dose control 
means for changing an X-ray radiation dose depending 
on an angle in one rotation of the X-ray tube. 

According to the X-ray CT apparatus of the second 
aspect, the X-ray radiation dose control means changes 
the X-ray radiation dose so that the X-ray radiation dose 
is set to "0" or relatively low at an angle where an align- 
ment of the X-ray tube - the operator's hand - the sub- 
ject is brought about, while the X-ray radiation dose is 
set relatively high at an angle where the alignment of 
the X-ray tube - the subject - the operator's hand is 
brought about. Therefore, it is possible to put into prac- 
tice the fluoroscopy method according to the above-de- 
scribed first aspect and hence the operator can be pro- 
tected from intensive X-ray exposure when the fluoros- 
copy is carried out. Also, an image of high quality can 
be obtained. 

According to a third aspect of the present invention, 
there is provided an X-ray CT apparatus in which an X- 
ray tube is rotated around a subject to acquire data by 
an X-ray detector and a data acquisition system and a 
reconstruction operation is effected on the data to pro- 
duce an image, comprising X-ray radiation dose control 
means for setting the X-ray radiation dose to "0° or rel- 
atively low when the X-ray tube lies in a predetermined 
angular range and setting the X-ray radiation dose rel- 
atively high when the X-ray tube lies in an angular range 
other than that angular range. 

According to the X-ray CT apparatus of the third as- 
pect, if the angular range is specified so as to include 
an angle where the alignment of the X-ray tube - the 
operators hand ~ the subject is brought about, the X- 
ray radiation dose is set to "0" or relatively low at the 
angle where the alignment of the X-ray tube - the op- 
erator's hand - the subject is brought about, and the X- 
ray radiation dose becomes relatively high at an angle 
where the alignment of the X-ray tube ~ the subject - 
the operator's hand is brought about. Therefore, the 
fluoroscopy method according to the first aspect can be 
suitably practiced. That is, the X-ray exposure of the op- 
erator can be decreased upon fluoroscopy operation. 
Also, an image of high quality can be obtained. 

According to a fourth aspect of the present inven- 
tion, there is provided an X-ray CT apparatus in which 
an X-ray tube is rotated around a subject to acquire data 
by an X-ray detector and a data acquisition system and 
a reconstruction operation is effected on the data to pro- 
duce an image, comprising angular range specifying 
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means for specifying an angular range in one rotation 
of the X-ray tube, X-ray radiation dose control means 
for setting the X-ray radiation dose to "0" or relatively 
low when the X-ray tube lies in said angular range While 
setting the X-ray radiation dose to relatively high when 
the X-ray tube lies in an angular range other than that 
angular range, reference light means for indicating with 
light a range in which the X-ray radiation is effected, and 
reference light control means for varying the light from 
the reference light so as to provide information concern- 
ing whether the X-ray tube lies in said angular range or 
not. 

According to the X-ray CT apparatus of the fourth 
aspect, if the operator operates the angular range spec- 
ifying means so that the angular range includes an angle 
where the alignment of the X-ray tube - the operator's 
hand - the subject is brought about, then the X-ray ra- 
diation dose is set to "0" or relatively low at the angle 
where the alignment of the X-ray tube - the operator's 
hand - the subject is brought about, and the X-ray ra- 
diation dose is set to relatively high at an angle where 
the alignment of the X-ray tube - the subject ~ the op- 
erator's hand is brought about. 

Therefore, the fluoroscopy method according to the 
first aspect can be suitably practiced. That is, the X-ray 
exposure of the operator can be decreased upon the 
fluoroscopy operation. Also, an image of high quality 
can be obtained. 

Moreover, by variation of the light from the refer- 
ence light means (variation in brightness and/or in hue), 
it is informed whether the X-ray tube lies in said angular 
range or not. Thus, the operator can accurately specify 
the angular range in which the X-ray exposure is de- 
creased. Also, the operator can easily be informed of a 
position where the hand will be less exposed to the X- 
ray radiation. 

Further objects and advantages of the present in- 
vention will be apparent from the following description 
of the preferred embodiments of the invention as illus- 
trated in accompanying drawings, in which : 

Fig. 1 is a diagram useful for explaining the rotation 
of an X-ray tube and an X-ray detector; 
Fig. 2 is an explanatory diagram of a space through 
which an X-ray passes during one rotation of the X- 
ray tube and the X-ray detector in a conventional X- 
ray CT apparatus; 

Fig. 3 is a diagram showing an arrangement of a 
main portion of an X-ray CT apparatus according to 
one mode of the present invention; 
Fig. 4 is a flowchart illustrating a procedure of a data 
acquisition process carried out by the gantry 10 
shown in Fig. 3; 

Fig. 5 is an explanatory diagram showing the con- 
dition of an X-ray tube and a reference light when 
the X-ray tube angle is in the OFF range; 
Fig. 6 is an explanatory diagram showing the con- 
dition of the X-ray tube and the reference light when 



the X-ray tube angle is in the ON range; 
Fig. 7 is an explanatory diagram of a space through 
which an X-ray passes during one rotation of the X- 
ray tube and an X-ray detector in the X-ray CT ap- 
s paratus shown in Fig. 3; 

Fig. 8 is a flowchart illustrating a procedure for an 
image producing process at an operator console 
shown in Fig. 3; 

Fig. 9 is a graph illustrating how the X-ray tube cur- 
rent varies depending on an angle at which the X- 
ray tube lies; and 

Fig. 10 is another graph illustrating how the X-ray 
tube current varies depending on an angle at which 
the X-ray tube lies. 

The invention will hereinafter be described in more 
detail based on the mode for carrying out the invention 
with reference to the accompanying drawings. It is to be 
understood that the invention should not be restrictively 
interpreted by the following description. 

Fig. 3 is a diagram showing an arrangement of a 
main portion of an X-ray CT apparatus in which one 
mode of the present invention is carried out. 

An X-ray CT apparatus 100 includes a gantry 10 
and an operator console 20. 

The gantry 10 includes an X-ray generator 1a and 
an X-ray tube 1 b for irradiating X-ray onto a subject (ref- 
erence symbol K in Fig. 7), an X-ray detector 2a and a 
data acquisition system 2b for detecting the X-ray hav- 
ing penetrated the subject and acquiring data, a refer- 
ence light 3a and a light driver 3b for indicating with light 
a space through which the X-ray passes, a controller 4 
for controlling the X-ray generator 1a and the light driver 
3b, a slip ring 5 for electrically coupling a rotating portion 
to a non-rotating portion, and a gantry processor 6 for 
communicating with the operator console 20. 

The operator console 20 includes a reconstruction 
processor for reconstructing an image (tomography) 
from the data, a storage device for storing the data, im- 
age or the like, an image display for displaying the image 
or message, an input device for an operator to input a 
command, a parameter or the like, and a CPU for per- 
forming the overall control. 

Fig. 4 is a flowchart illustrating a procedure for per- 
forming data acquisition by the gantry 10. 

In step S1 , the operator sets a scan protocol for the 
fluoroscopy from the operator console 20. 

In step S2, the operator sets an X-ray irradiation 
OFF range (<(>1 , $2) by means of the operator console 
20. 

In step S3, the rotating portion in the gantry 1 0 starts 
rotating. 

In step S4, it is determined whether an X-ray tube 
angle is in the OFF range (<1>1 , $2) or not. If the angle $ 
is in the OFF range (<|>1,$2) then the process proceeds 
to step S5, while if the angle is not in the range then the 
process proceeds to step S6. 

In step S5, the reference light 3a is turned off. Then 
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the process proceeds to step S7. 

In step S6, the reference light 3a is turned on. Then 
the process proceeds to step S7. 

In step S7, the operator checks whether or not the 
light from the reference light 3a impinges upon the po- 
sition of the operator's hand upon performing the fluor- 
oscopy operation. If the hand is exposed to the light, the 
process returns to step S2 where the OFF range (<j)1, 
<t>2) is again settled. If the hand is not exposed to the 
light, which means that the current OFF range (<|>1 , <|>2) 
is appropriate, then the process proceeds to step S8. 

In step S8, a scan is started. That is, the rotating 
portion in the gantry 10 is rotated around the subject to 
acquire data. 

In step S9, it is determined whether the X-ray tube 
angle is in the OFF range (0 1 , §2) or not. If the angle <(> 
is in the OFF range (01 ,02) then the process proceeds 
to step S10 while if the angle is not in the range, the 
process proceeds to step S11. 

In step S10, an X-ray tube current is set to "0" to 
halt the radiation of the X-ray. Then the reference light 
3a is turned off. In addition, a data validity flag for the 
data having been acquired at the time is set to "0". Then 
the process proceeds to step S12. 

In step S1 1 , a predetermined X-ray tube current (e. 
g. 200mA) is flown to energize the X-ray tube. Then the 
reference light 3a is turned on. In addition, the data va- 
lidity flag for the data having been acquired at the time 
is set to "1 ". Then the process proceeds to step S12. 

In step S 12, the data having been acquired at the 
time is transferred to the operator console 20. 

In step S13, it is determined whether a command 
for ending the scanning has been issued or not. If it is 
determined that the command is not issued, then the 
process returns to step S9 and the scan is continued. If 
the command has been issued, then the process is ter- 
minated. 

Fig. 5 illustrates the condition of the X-ray tube 1b 
and the reference light 3a when the X-ray tube angle is 
in the OFF range ($1 , 02). The X-ray tube 1 b generates 
no X-ray and the reference light 3a emits no light. 

Fig. 5 illustrates the condition of the X-ray tube 1b 
and the reference light 3a when the X-ray tube angle 0 
goes out from the OFF range (01 , <|>2). The X-ray tube 
1b generates X-ray and the reference light 3a emits 
light. 

A hatched region in Fig. 7 is a space through which 
the X-ray passes during one rotation of the X-ray tube 
1b and the X-ray detector 2a. As seen from Fig. 7, there 
is a space through which no X-ray passes. Likewise, no 
light from the reference light passes through the space 
where no X-ray passes. Therefore, if the operator stabs 
the biopsy needle into the subject K while maintaining 
the operator's hand at the position where the light from 
the reference light 3a does not pass, the operator can 
easily avoid the X-ray exposure. 

Fig. 8 is a flow chart illustrating a procedure for pro- 
ducing an image at the operator console 20. 
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In step R1 , the data transferred from the gantry 10 
is read from the storage device. 

In step R2, it is determined whether the data validity 
flag for the current data is "1" or not. If the flag is "1", 
5 then the process proceeds to step R3. If the flag is "0", 
then the process proceeds to step R4. 

In step R3, the present data is utilized for a half- 
scan reconstruction process. The term "half-scan recon- 
struction process" refers to a process for reconstructing 
an image from data acquired during a rotation of the X- 
ray tube which equals to or exceeds a half rotation but 
stays within one rotation. Conversely, a term "full-scan 
reconstruction process" refers to a process for recon- 
structing an image from data acquired during a rotation 
of the X-ray tube which equals to or exceeds one rota- 
tion. 

In step R4, it is determined whether the data supply 
is ceased or not. If it is determined that the data supply 
is continued, then the process returns to step R1 . If it is 
determined that the data supply is ceased, then the 
process proceeds to step R5. 

In step R5, the produced image is displayed and the 
process is terminated. 

Fig. 9 is a graph illustrating variation in the X-ray 
tube current depending on the X-ray tube angle 0. 

The X-ray tube current is set to "0" in the OFF range 
(<J>1 ,(J>2) and set to a predetermined X-ray tube current 
(200mA in the case of Fig.7) in a range other than that 
range. 

According to the above X-ray CT apparatus 100, 
when the operator carries out the fluoroscopy operation, 
the operator can place his own hand at the position 
where the light from the reference light 3a does not pass. 
Thus, the operator can easily avoid the X-ray exposure. 
Moreover, the X-ray radiation dose is set to relatively 
high in the range other than the OFF range (01,(1)2). 
Therefore, data with a good S/N ratio can be acquired 
and an image of high quality can be obtained. 

While in the above embodiment turning the X-ray 
tube on or off at the steps of S10 and S11 in Fig. 10 is 
carried out by supplying and ceasing the electric current 
to the X-ray tube, a shutter or the like may be provided 
on a collimator aperture to selectively pass or block the 
X-ray radiation so that turning the X-ray tube on or off is 
carried out. 

Further, while in the above-described embodiments 
data acquisition is selectively carried out depending on 
the angular range of the X-ray tube in which the X-ray 
radiation dose is increased to acquire data, the data ac- 
quisition may be carried out throughout the whole angu- 
lar range of the X-ray tube to perform the full-scan re- 
construction. That is, if the operator specifies a maxi- 
mum value of the X-ray tube current (200mA in the case 
of Fig. 10) and the corresponding angle (j>x along with a 
minimum value of the X-ray tube current (60mA in the 
case of Fig. 10) and the corresponding angle 0n, then, 
as shown in Fig. 10, the X-ray tube current is smoothly 
changed in accordance with a function (e.g. a trigono- 
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metric function) on which the above specified points lie. 
In this case, the full-scan reconstruction process can be 
carried out. 

According to the X-ray CT apparatus which have 
been described so far, the X-ray radiation dose be- 
comes decreased when the operator's hand is directly 
exposed to the X-ray radiation, and the X-ray radiation 
dose becomes increased when the operator's hand is 
indirectly exposed to the X-ray radiation. Therefore, it is 
possible to protect the operator's hand from direct ex- 
posure to the X-ray radiation owing to the shade of the 
subject while to collect data with a good S/N ratio and 
obtain an image of high quality. 

Furthermore, the operator can accurately specify 
an angular range in which the X-ray exposure is de- 
creased with the aid of light. Also, the operator can eas- 
ily be informed of a position where the hand will be less 
exposed to the X-ray radiation. 



Claims 

1. A fluoroscopy method in which a biopsy needle is 
stabbed into a subject while an X-ray tube is rotated 
around the subject to acquire data by an X-ray de- 
tector and a data acquisition system thereby to pro- 
duce an image, 

wherein an X-ray radiation dose generated 
from said X-ray tube when an alignment of the X- 
ray tube - the operator's hand - the subject is 
brought about, is set to "0" or lower than an X-ray 
radiation dose generated from the X-ray tube when 
an alignment of the X-ray tube ~ the subject - the 
operator's hand is brought about. 

2. An X-ray CT apparatus in which an X-ray tube is 
rotated around a subject to acquire data by an X- 
ray detector and a data acquisition system and a 
reconstruction operation is effected on the data to 
produce an image, comprising: 

X-ray radiation dose control means for chang- 
ing an X-ray radiation dose depending on an angle 
at which the X-ray tube lies. 

3. An X-ray CT apparatus in which an X-ray tube is 
rotated around a subject to acquire data by an X- 
ray detector and a data acquisition system and a 
reconstruction operation is effected on the data to 
produce an image, comprising: 

X-ray radiation dose control means for setting 
an X-ray radiation dose to "0" or relatively low when 
the X-ray tube lies in a predetermined angular range 
and setting the X-ray radiation dose relatively high 
when the X-ray tube lies in an angular range other 
than that angular range. 

4. An X-ray CT apparatus according to claim 3, where- 
in one data validity flag making data invalid is ap- 



plied to data acquired when the X-ray tube lies in a 
predetermined angular range while the other data 
validity flag making data valid is applied to data ac- 
quired when the X-ray tube lies in an angular range 
s other than that angular range. 

5. An X-ray CT apparatus according to claim 3, where- 
in a tube current function of which value changes 
with the angle of the X-ray tube is introduced for 

10 smoothing the connection between the data acqui- 
sition process carried out when the X-ray tube lies 
in a predetermined angular range and the data ac- 
quisition process carried out when the X-ray tube 
lies in an angular range other than that angular 

15 range. 

6. An X-ray CT apparatus in which an X-ray tube is 
rotated around a subject to acquire data by an X- 
ray detector and a data acquisition system and a 

20 reconstruction operation is effected on the data to 
produce an image, comprising: 

X-ray radiation switching means for turning 
the X-ray tube off when the X-ray tube lies in a pre- 
determined angular range and turning the X-ray 

25 tube on when the X-ray tube lies in an angular range 
other than that angular range. 

7. An X-ray CT apparatus according to claim 6, where- 
in said X-ray radiation switching means is realized 

30 by selectively passing or blocking the X-ray at a col- 
limator aperture. 

8. An X-ray CT apparatus in which an X-ray tube is 
rotated around a subject to acquire data by an X- 

35 ray detector and a data acquisition system and a 
reconstruction operation is effected on the data to 
produce an image, comprising: 

angular range specifying means for specifying 
40 an angular range in one rotation of the X-ray 

tube; 

X-ray radiation dose control means for setting 
the X-ray radiation dose to "0" or relatively low 
when the X-ray tube lies in said angular range 

45 while setting the X-ray radiation dose relatively 

high when the X-ray tube lies in an angular 
range other than that angular range; 
reference light means for indicating with light a 
range irradiated with the X-ray; and 

50 re f er ence light control means for varying the 

light emitted from the reference light means so 
as to provide information concerning whether 
the X-ray tube lies in said angular range or not. 
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